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Background: Corticosterone is one of the most crucial glucocorticoids (GCs) in poultry. Our previous study shows
that corticosterone can retard the longitudinal growth of bones by depressing the proliferation and differentiation
of chondrocytes in broilers. The present study was designed to investigate whether corticosterone affect the
development of chondrocytes and the synthesis of collagen in vitro. The chondrocytes were isolated from proximal
tibial growth plates of 6-week-old broiler chickens and cultured with different doses of corticosterone for 48 h. Then
the cell viability, alkaline phosphatase (ALP) activity and the expression of parathyroid hormone-related peptide
(PTHrP) and type X collagen (Col X) were detected.
Results: At 10−9-10−6 M concentration, corticosterone significantly inhibited the viability and differentiation of
chondrocytes, as indicated by decreases in ALP and type X collagen expression. Conversely, there was completely
opposite effect at 10−10 M. In addition, the expression of PTHrP was significantly downregulated at 10−6 M and 10
−8 M, and was upregulated at 10−10 M.
Conclusions: The results suggested that corticosterone regulated chicken chondrocytes performance depending
on its concentration with high concentrations inhibiting the viability and differentiation of chondrocytes and light
concentrations promoting them, and these roles of corticosterone may be in part mediated through PTHrP.
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Longitudinal bone growth depends on the proliferation,
differentiation of growth plate chondrocytes by complex
endocrine regulation [1]. It is well known that glucocor-
ticoids (GCs) have complex effects on bone metablism.
Prolonged or high dose glucocorticoid administration as
well as an excess of endogenous production of GCs in-
creases the risk of bone disorders [2]. Corticosterone
(CORT) is the main glucocorticoid hormone in birds [3]
and in charge of bone metabolism [2]. Numerous studies
had been conducted concerning the effects of GCs on
growth retardation in mammals [4-15] and were to some
extent controversial [16,17], whereas relatively few data
were available with regard to its roles in bone develop-
ment in avian.
It was reported that parathyroid hormone-related pep-
tide (PTHrP) was one of the important cytokines. Both
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unless otherwise stated.chondrocytes are the source of PTHrP [18,19]. Ablation
of the PTHrP gene exhibits a delay in chondrocyte differ-
entiation and leads to distinct abnormalities in bone devel-
opment [20]. PTHrP directly stimulates chondrocyte
proliferation and prevents the differentiation of proliferat-
ing chondrocytes to prehypertrophic cells [21,22]. Type X
collagen (Col X) expressing exclusively in the matrix of
the hypertrophic zone [23,24] is one of the well-known
markers of chondrocyte hypertrophy [25,26].
Previous studies from our laboratory showed that ex-
posure to CORT depressed the longitudinal growth of
the long bones by inhibiting the proliferation and differ-
entiation of chondrocytes in growth plate in broilers
[27], but the effects of CORT on the cellular events that
occurred during this process in birds were uncertain, the
present study was designed to investigate whether
CORT affect the performance of chondrocytes obtained
from the epiphyseal growth plates of broiler chickens by
determining the ALP activity and expression of PTHrP
and ColX.This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
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Effect of CORT on cell viability and ALP activity in
cultured chicken chondrocytes
The results showed that CORT inhibited chondrocytes
viability and ALP activity significantly at concentrations
of 10−9 M to 10−6 M in a dose-dependent manner
(Figures 1 and 2). The lowest chondrocytes viability was
observed at 10−6 M CORT reducing the cell viability as
great as to 64.2% of the control. And the lowest ALP ac-
tivity (150.57 ± 10.591 nmol/min/mg) was also measured
at 10−6 M CORT. However, 10−10 CORTadministration did
not affect chondrocytes viability and ALP activity. Add-
itional tables file show this in more detail [see Additional
files 1 and 2]. Based on these results, 10−10 M, 10−8 M and
10−6 M CORT (as low, middle and high concentration, re-
spectively) were determined to evaluate its roles in the
regulation of gene expression in cultured growth plate
chondrocytes.
Effect of CORT on expression of PTHrP and ColX in
cultured chicken chondrocytes
Expression of related genes was investigated after 48 h
exposure of different doses of CORT (10−10 M, 10−8 M
and 10−6 M). Real-time RT-PCR showed that 10−10 M
CORT resulted in obviously increasing the expression
of PTHrP and Col X (Figure 3A and B). Furthermore,
10−8 M and 10−6 M CORT significantly declined PTHrP
and Col X mRNA levels, and the inhibition exerted at
the concentration of 10−6 M CORT was more effective.
The Col X protein levels (expressed as the Col X: GapdhFigure 1 Effects of various doses CORT on cell viability measured by
CORT for 48 h. Treated cell viabilities were expressed as a percentage of co
experiments, each performed in triplicates. *P < 0.05 and **P < 0.01 versus cratio) displayed the same changes as its mRNA expres-
sion after CORT treatment (Figure 4).
Discussion
In the present study, we investigated the effects of CORT
on cultured chicken growth plate chondrocytes in terms
of cell viability, ALP activity and the expression of Col X
and PTHrP. Growth plate chondrocytes were exquisitely
sensitive to GCs [6,27,28]. The results showed that PTHrP
signaling could play a crucial role in regulating the viabil-
ity and differentiation of growth plate chondrocytes of
chickens.
Based on the present study, MTT assay was performed
to evaluate the effect of CORT on the viability of chon-
drocytes for 48 h. Interestingly, CORT at the concentra-
tion of 10−10-10−6 M didn’t have a clear dose-dependent
effect on cell viability. CORT could inhibit chondrocytes
viability at the concentration of 10−9-10−6 M and have
no effect with 10−10. M. R. Quarto et al. [17] suggested
that GCs can support chondrocytes viability. However, it
was difficult to compare our observations with other
studies because the origin of the investigated chondro-
cytes, the culture conditions, the types and doses of GCs
and the exposure times were distinct.
The process of endochondral ossification which con-
sists of cartilage formation and replacement of cartilage
by bone plays a major role in bone development [29].
The chondrocytes actively proliferate and synthesize a
large amount of extracellular matrix components
undergo a series of maturation events. They advance toMTT assay. The cells were incubated with increasing concentrations of
ntrol (100%). Data were mean ± SEM from at least three separate
ontrol (0 M CORT).
Figure 2 Effects of various doses CORT on intracellular ALP activity. The cells were incubated with increasing concentrations of CORT for 48 h.
Values were mean ± SEM from at least three separate experiments, each performed in triplicates. *P < 0.05 and **P < 0.01 versus control (0 M CORT).
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pression of type X collagen and ALP [30]. In the process
of chondrocytes maturation, ALP secreted from chondro-
cytes could convert organic phosphorus esters to inor-
ganic phosphates by hydrolysis, forming a hydroxyapatite
precursor which then undergoes calcification [31]. There-
fore, ALP is recommended as a marker of chondrocyte
maturation [32]. In this study, we observed that the de-
crease in ALP activity was accompanied by a decline inFigure 3 Effects of CORT on PTHrP and Col X mRNAs expression in cu
doses of CORT for 48 h. The relative expression of PTHrP and Col X genes w
GAPDH as an internal control. Values were mean ± SEM from at least three
**P < 0.01 versus control (0 M CORT).the viability of choncrocytes after CORT treatment at
10−9 -10−6 M. It indicated that the supression of chon-
drocytes differentiation and the reduction of ALP activ-
ity may be due to inhibitory effect of CORT on the
viability of chondrocytes.
Col X, which is a recognized marker of chondrocyte
hypertrophy, is mainly synthesized by hypertrophic
chondrocytes and plays a key role in endochondral ossi-
fication. The current study showed that the expressionltured Chondrocytes (A-B). The cells were incubated with various
as analysed by real-time PCR. Gene expression was normalized using
separate experiments, each performed in triplicates. *P < 0.05 and
Figure 4 Western blot for Col X from cultured chondrocytes exposed by different dose of CORT. (A) Immunoreactive bands for Col X and
GAPDH protein. (B) Statistical analysis of Col X. Cultures were lysed and protein was extracted, quantitated and analyzed via Western blot analysis.
Representative blot for each group from triplicate experiments was shown. Col X protein band density was quantitated by densitometry using
the Quantity One software. Col X protein level was expressed as the Col X: Gapdh ratio. *P < 0.05 and **P < 0.01 versus control (0 M CORT).
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concentration, while the expression of Col X was sig-
nificantly increased with low concentration CORT
treatment. These results provided an evidence for our
previous study in vivo that excess CORT inhibited the
growth of proliferative and prehypertrophic chondro-
cytes and the synthesis of Col X [27]. This finding, to-
gether with the variation of ALP activity and cell
viability, clearly indicated that CORT not only affected
cell viability, but also inhibited the differentiation
process of growth plate chondrocytes.
A number of growth factors are known to be regula-
tors of chondrocytes development. PTHrP plays import-
ant roles in longitudinal bone growth, as it is a negative
regulator of growth plate chondrocytes terminal differ-
entiation [18]. As a key cytokine, PTHrP maintains
chondrocytes in a proliferative state and regulate chon-
drocytes proliferation [33,34]. PTHrP blocks matrix cal-
cification and decrease ALP activity markedly in
chondrocytes through PKC/p38 signaling pathways
[30]. The present study showed that CORT had distrinct
impact on the expression of PTHrP mRNA with various
concentrations. In addition, the changes of levers of Col
X and ALP in chondrocytes were coordinated with
trends of PTHrP expression following treatment with
CORT. Our finding indicated that the regulation of the
viability and differentiation of chondrocytes by CORT
might be in part mediated through by PTHrP. More
studies were still needed to further to determine
whether there were interactions between CORT and
PTHrP.Conclusions
Based on the outcome, our data confirmed that CORT
had profound impacts upon bone growth through or-
derly process of differentiation of growth plate chondro-
cytes reported by our previous study but now amongst
in vivo circumstances [27]. PTHrP may play a certain
role in regulating chondrocytes growth induced by
CORT. The effect of CORT may be in part mediated by
the expression of PTHrP.Methods
Chemicals and reagents
Dulbecco’s modified eagle’s medium (DMEM), penicillin-
streptomycin solution, fetal bovine serum (FBS), ampho-
tericin B solution, collagenase type IV and Trizol reagent
were procured from Invitrogen, Carlsbad, CA, USA. Bo-
vine testicular hyaluronidase, a nonessential amino acids
mixture (100×) and CORT were purchased from Sigma-
Aldrich, Shanghai, China. Two-step reverse-transcriptase
polymerase chain reaction kit was purchased from TaKaRa
Biotechnology (Dalian) Co., Ltd., China. Col X antibody,
anti Gapdh mouse monoclonal antibody, HRP conjugated
goat anti-rabbit IgG (H+L) and HRP conjugated goat anti-
mouse IgG (H+L) were purchased from Otwo Biotech
Co., Ltd., China. Cell lysis buffer for Western was procured
from Beyotime Institute of Biotechnology, China. Other
chemicals and reagents used in the present study were of
analytical grade and were obtained from the Jiancheng Bio-
engineering Institute (Nanjing, China) unless otherwise
indicated.
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national animal welfare guidelines, and protocols were
approved by Nanjing Agricultural University Animal
Care Committee. Animal studies were conducted in ac-
cordance with the recommendations in the Guidelines
for the Care and Use of Laboratory Animals of the
Ministry of Science and Technology of the People’s
Republic of China ([2006] 398).
Cell culture and treatment
Growth plate cartilage was harvested from the proximal
end of the tibia of 6-week-old hybrid broiler chickens and
chondrocytes were isolated as previously described [35].
Briefly, tibial growth plate slices were treated in a digest so-
lution (0.1% type IV collagenase, 0.1% hyaluronidase, 5%
FBS) and incubated at 37°C overnight. The resulting crude
cell preparations were further purified on lymphocyte sep-
aration medium (MP Biomedicals, LLC, California, USA),
resupended and counting, then inoculated to multi-well
plates containing complete medium with the density
for106 cell/cm2. Culture medium (10% FBS, 1% nonessen-
tial amino acids mixture) was changed every other day with
a fresh supplement of ascorbic acid (50 μg/ml) from day 3
onward, for the duration of the experiments. To facilitate
cell attachment, 4U/mL testicular hyaluronidase was added
to the medium. After the attachment of cells, the growth
medium was then removed and cells were exposed to dif-
ferent doses of CORT (10−10 - 10−6 M) using serum-free
fresh medium at 37°C and 5% CO2 for 48 h. All culture
media contained 100 IU/ml of penicillin, 100 μg/ml of
streptomycin and 0.25 μg/ml of amphotericin B.
MTT assay
Cell viability was assessed by the ability of mitochondrial
dehydrogenases to oxidize the 3-(4, 5-dimethylthiazol-2-
yl)-2, 5-diphenyltetrazolium bromide (MTT) to a purple
formazan product [27]. After 48 h exposure, 20 μl MTT
(5 mg/ml) was added into each well and incubated for
4 h at 37°C. Purple formazan crystals were solubilized in
dimethyl sulfoxide for 10 min at 37°C. The absorbance
at 570 nm was measured in a Bio-Rad microplate reader
(Bio-Rad Laboratories, Hercules, CA) and results were
expressed as a percentage of control.Table 1 Sequence of primers used to amplify specific mRNA b
Name Primer sequence (5′-3′)






#The primers of Col X was quoted from Reference [38].Alkaline phosphatase (ALP) activity
Cell layers were washed twice with cold phosphate buff-
ered saline (PBS pH = 7.4). The cell suspension was ho-
mogenized and 50 μl of each sample was aliquoted into a
96-well plate in duplicate to assay ALP activity and protein
content [36]. 150 μl of a buffer solution consisting of
10 mM p-nitrophenyl phosphate (pNPP), 0.2 mM MgCl2
and 1 mM diethanolamine was added to each sample [35].
After incubated at 37°C for 30 min and then 100 μl of
0.1 M NaOH was added to stop the reaction. The plates
were read in a Bio-Rad microplate reader at 405 nm. The
ALP activity was determined by comparing the experi-
mental samples with standard solutions of p-nitrophenol
and an appropriate blank. Protein concentrations of the
samples were determined using the BCA assay kit (Wuhan
Boster Company, Wuhan, China). Each sample was nor-
malized by the total protein content per well to determine
specific activity. Total ALP activity was expressed as
nmoles pNPP hydrolysed/min/mg protein.
Real-time RT-PCR
Total RNA was isolated from chondrocytes using Trizol
reagent after 48 h exposure of different doses of CORT
(10−10 M, 10−8 M and 10−6 M). Real-time RT-PCR was
carried out using two-step RT-PCR kit per the instruc-
tions of the manufacturer. Gapdh, the house-keeping
gene, was used as an internal control of the quantity and
quality of the cDNAs. The primer sequences used for
PCR amplification for Col X, PTHrP and Gapdh were
listed in Table 1. Real-time PCR amplification was per-
formed on LightCycler (Applied Biosystems, Inc., Foster
City, CA). A Light Cycler melting curve was constructed
to test for a single product at the end of each PCR reac-
tion. Analysis of the relative gene expression level was
achieved by using the 2-ΔΔCT method for fold induction,
and CT (the threshold cycle) indicated the fractional
cycle number at which the amount of amplified target
reached a fixed threshold [37].Western blot analysis
After 48 h exposure of CORT (10−10 M, 10−8 M and
10−6 M), chondrocyte lysates were prepared with RIPAy real-time RT-PCR
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at 12,000 g. Protein concentration was determined by
using the BCA assay kit. Fifty micrograms of total pro-
tein (per lane) were resolved by sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE;
10% acrylamide) and transferred onto a nitrocellulose
membrane. The membranes were blocked with 5%
skimmed milk in Tris-buffered saline-Tween (TBS-T)
for 2 hours and then probed with antibodies. The pri-
mary antibodies to Col X (diluted 1:200), and anti-
Gapdh (diluted 1:5000) were used. HRP conjugated goat
anti-rabbit or mouse IgG (H+L) (diluted 1:5000) was
used as a secondary antibody. Visualization of immuno-
reactive proteins was achieved using the ECL Western
blotting detection reagents (Millipore Corporation,
Billerica, USA). Molecular weights of the immunoreac-
tive proteins were determined against a protein marker
ladder. Band density was quantitated using the Quantity
One software (Bio-Rad Laboratories, Hercules, CA).
Statistical analysis
Tests were carried out in triplicate and all experiments
were performed a minimum of three times, and the
mean and standard error of the mean (SEM) were de-
termined. Statistical analyses were conducted using
SPSS 11.0 for Windows (SPSS Inc., Chicago, IL, USA).
Data were analyzed by one-way Analysis of variance
(ANOVA) followed by Duncan’s multiple range tests to
assess the significance between the control and experi-
mental groups. Statistical significance was considered
at the level of P < 0.05.Additional files
Additional file 1: Additional numerical data for effects of various
doses CORT on cell viability measured by MTT assay.
Additional file 2: Additional numerical data for effects of various
doses CORT on intracellular ALP activity.Abbreviations
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